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ABSTRACT

An integrated study of the impacts of dredging on the physical and biological resources of a 

non-screened dredge area on the South Coast of Britain has been completed.  This site has 

been dredged since 1991 by anchored suction dredgers and occasionally  (since late 1998) 

by trailing suction dredgers, removing a total of nearly 2 million tonnes over that period.  The 

gravelly resource has been extracted from a very small target area of roughly 400m x 400m, 

within a larger licence.

Over 350km of high-resolution sidescan sonar mapping has confirmed the areas that have 

been dredged by observing the extent of small pits formed on the seabed.  177 seabed 

samples have been obtained and the majority analysed for sedimentary and faunal analysis.  

The study area extended up to 10km either side of the dredge zone (one tidal excursion) in 

order to identify far-field effects on both physical and biological resources of the seabed.

The results clearly show that the physical impact of dredging on the seabed (without 

screening) is limited to a zone within approximately 300m downtide of the dredge area.  

There is no visible evidence of suspended sediments falling to the seabed beyond this zone, 

which may be manifested as infilling of small pits by fine sediments, siltation within crevices 

or development of migratory sand ripples.  That is not to say that such events cannot 

happen, but probably merely represents a poor supply of fine material due to the lack of 

screening activities.  However there is some statistical evidence that the surface sediment 

samples have a greater sand fraction within the excursion track of the plume than those 

samples either side. 

The biological “footprint” of impact has been established.  Species diversity, population 

density and biomass of benthic macrofauna of the study site is typical of that recorded in UK 

waters.  Average benthic macrofauna biomass as a whole is equivalent to 4.06 grams 

Carbon per m2.



OCS STUDY 
MMS 2000-054 

6

The studies show that dredging at anchor using a small, modern 2300 tonne suction dredger 

is associated with a reduction of species diversity of 66%, population density (87%) and 

biomass (80-90%) of benthic invertebrates.  Very importantly, the deposits are loaded as an 

‘all-in’ cargo with no discharge of screened material at this site.  In this case the suppression 

of invertebrate species variety, population density and biomass appears confined to the 

dredge sites themselves, with no evidence of impact outside the boundaries of the dredge 

pit.

Some distance outside the dredge site, there is evidence of an enhancement of benthic 

diversity and biomass in an elongated ‘halo’, which extends for a distance of up to 3 km from 

the dredge site. Average benthic macrofauna biomass is equivalent to 17 grams Carbon per 

m2, some 4 times greater than the surrounding deposits.

Our monitoring aboard the dredge vessel determined some 17.36 tonnes ash-free dry weight 

of organic matter may be released per year in the outwash of dredgers operating within the 

restricted worked site of the much larger North Nab licence.  This material is likely to be 

carried beyond the boundaries of the Licence Area along the axis of the tidal excursion.  

Whether this is sufficient to account for the enhanced values of biomass 1-3km from the 

dredge site is unknown. 

In contrast with the intensively anchor dredged site, the trailer dredged site has been less 

exploited. Communities within this site are largely similar to those in the surrounding 

deposits.  This suggests that the processes of recolonisation and recovery are sufficient to 

keep pace with the rate of removal of biomass when trailer dredging here.  It must be noted 

that the key factor here may be intensity rather than method of dredging used. 

Sites which have been left undredged for known times suggests that initial recolonisation by 

mobile components of the benthos can occur within weeks with some 70-80% of the species 

variety returning. This process is often accompanied by a similarly rapid increase in 

population density, although not as frequently, but with both of these stages in the 

recolonisation sequence being substantially completed within 3-6 months after cessation of 

dredging.
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Restoration of biomass is achieved by growth of the small individuals that recolonise the 

deposits. This stage is incomplete even after 18 months compared with areas some distance 

away from the dredge site, and this finding is in keeping with anecdotal information available 

from the literature. 

The results for trailer-dredged studies elsewhere indicate that species diversity may initially 

recover much quicker, as mentioned above.  Population density is not dissimilar to anchor 

dredge sites, with biomass recovering to within 80% of the undredged sites within 3 months. 

We conclude with the following general hypothesis based on this study and another partial 

study recently completed in the Southern North Sea on a trailer dredge study site (Newell et

al 2002):- 

(1) The degree of suppression of the fauna in the dredge site itself is clearly dependent 

on the intensity of dredging. In high intensity dredging (North Nab) the suppression of 

population density, species variety and biomass can be as high as 60-80%. In areas that are 

dredged less intensively by trailer techniques, the suppression is either less than at anchor 

dredge areas (North Nab), or undetectable (North Sea). 

(2) There is no evidence of an impact outside the immediate dredge sites. 

(3) Both sites show some evidence of an enhanced biomass and population density at 

some distance from the dredge site, possibly reflecting the deposition of organic components 

from fragmented invertebrates discharged in the outwash. 

(4) Recovery of population density and species variety can be very rapid indeed. This 

depends on the degree of disturbance to which the area is subjected under natural 

conditions. In shallow water wave disturbed areas such as the North Sea, colonising species 

are mobile and well adapted to rapid recolonisation. In more stable (equilibrium) 

communities such as occur on coarse rocks and cobbles, recolonisation is slower. 
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(5) Recovery of biomass is achieved by growth of the recolonising individuals. In this 

case restoration of biomass generally requires at least several years. In some of the deeper 

water communities that we have recently analysed, individual species may be at least 20 

years old. This implies that deep-water stable equilibrium communities may require a time of 

at least 20 years for recovery, compared with 2-3 years in shallow water coastal sands. 

(6) Anchor dredging has a significant impact on the species variety, population density 

and biomass of benthic macrofauna, although without screening is largely limited to within a 

hundred metres of the active dredged zone.  Trailer dredging, on the other hand, appears to 

have a much lesser impact on species variety, population density and biomass, although this 

may be limited to the lower intensity of trailer dredging activities in the study areas.  

However, species recovery data suggests that recovery is quicker for trailer dredge areas, 

due to the reduced distance of ‘inwalk’ for colonising species (only the widths of trailer 

tracks), compared with the larger disturbance of an anchor dredged area. 

(7) On the available evidence collected herein, we propose that trailer dredging over a 

wide area at an intensity carefully matched to the potential times for species recovery 

(indicated by the response times to natural disturbances e.g. turbulent shallow water or less 

disturbed deeper waters) will be more sustainable than intensively dredging small areas of 

seabed.

(8) Re-analysis of ADCP backscatter data collected in 1995 on a screened dredge site 

some 20km east of the Nab study license supports recent evidence for development of a 

near-bed benthic boundary plume some 2-4 metres thick and a few tens of metres wide 

which extends beyond the limits of the dredge activity.  On an extraction license undertaking 

cargo screening, this near bed plume may exceed 4.5 kilometres downtide.  Such a 

phenomenon provides a potential mechanism for impacting physical and benthic resources 

well beyond the dredge licence boundary and requires further investigation. 

Importantly, the detailed analyses of these and other data for this project have revealed the 

susceptibility of analysis methods to ‘noise’ within the datasets.  This is caused by inter-

sample variability due to significant under sampling of the diverse benthic macrofauna of 

sands and gravels by conventional methods.
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We have shown that single samples of macrofauna obtained from a Standard 0.2m2 ‘Hamon’ 

type grab contain sufficient taxa to use non-parametric multivariate analytical techniques to 

define community composition.  Values for individual variables, such as species variety are, 

however, heavily dependent on the number of replicate samples taken.  At least 3 replicate 

samples are required to obtain a satisfactory assessment of the species composition of the 

macrobenthos of sands and muds, but that 13 or more replicates are required for gravels.  

The repercussions of this in terms of scale, frequency, density of sampling sites, numbers of 

replicate samples, alternative grab sizes and subsequent cost implications must be carefully 

considered when designing suitable monitoring protocols. 
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The types and dates since dredging are also shown. 

Figure 2.4: Tidal excursion for Nab Tower Tidal Diamond ‘E’.  Low water at 0,0.  Note the 
residual water displacement of the spring tide to the east (almost 900m) and for the neap 
tide (less than 500m).  Also, a particular time based package of water (at t=0, low water) will 
return to within 200m of its starting position after t=11 hours, and, on a spring tide, will 
replicate its position after 12 ¾ hours. 

Figure 4.2a:  Deployment arrangement for Vessel Mounted Acoustic Doppler Current 
Profiler (VMADCP) as developed during this study for Continuous Backscatter Profiling.  
Upper and lower parts of current and suspended sediment profiles are calculated by 
extrapolation based on values within measurable range. 

Figure 4.2b: LEFT SIDE: the Acoustic Doppler Current ProfilerTM  screen dump showing 
plume of suspended sediment either side of dredge vessel, immediately astern.  Higher 
suspended solids concentrations are shown in darker colours, the seabed appears black.  
Clear waters appear in light blue.  The darker returns on the starboard side of the ship (right 
hand side of the figure) reflect the combined overspill and reject plume, whereas the port 
side of the ship contains only material overspilled.  The independent plumes formed either 
side of the vessel are separated at this distance astern, and are just joining together at 
depth.  RIGHT SIDE: shows current velocities (proportional to ‘stick’ length) and direction, 
recorded simultaneously, whilst traversing along the transect at left. 

Figure 5a: Surface plot of bathymetry for 1999 with grab sample positions superimposed.  
The survey area can be seen to straddle a weak scarp; the elevation differences have been 
enhanced.  Nonetheless the active area of the dredge site is seen to be clearly located in the 
facing edge of that scarp, and it is possible that this represents a paleobeach environment. 

Figure 5b: Surface plot of bathymetry of the active dredge area in June 2001 with grab 
sample positions superimposed.  The location of the dredge pits, especially within the 
management boundaries can be clearly seen.

Figure 5.1a:  Representative particle size distributions of 151 grab samples from the North 
Nab study site with specific samples selected that are referred to in the text. 
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Figure 5.1b:  Map of the North Nab survey area showing the relative proportions of silt 
(<0.063mm), sands (0.063-3.35mm) and gravels (3.35-37.5mm). 

Figure 5.1c: Group average sorting dendrogram and corresponding two-dimensional 
multidimensional scaling (MDS) ordination based on the particle size composition of 
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Figure 5.1d: Map of the survey area showing the distribution of sediment types identified by 
non-parametric multivariate analysis in Figure 5.1c. Colour codes as in Figure 5.1c. 

Figure 5.1e: Detail of the survey site in the vicinity of the intensively-dredged area showing 
the distribution of sediment types identified by non-parametric multivariate analysis in Figure 
5.1c. Colour codes as in Figure 5.1c. 

Figure 5.2a: Sidescan sonar mosaic formed from the 1999 data collection.  The principal 
sedimentary provinces determined by the statistical analysis of the grab samples have been 
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elongated changes in sedimentary composition (Group 3) adjacent to the dredge zone 
aligned with the principal tidal vectors, to the South West, West, North and East. 

Figure 5.2b: Sidescan sonar mosaic formed from the 2000 data collection.  The bathymetry 
is superimposed, reduced to chart datum.  The dredging activity can be seen to be slowly 
working towards the north, when compared with data collected in 1999.  There is a good 
correlation between the location of the pits from the sidescan and the hollows recorded on 
the bathymetry. 

Figure 5.2c:  Superimposing the benthic community types on the sidescan mosaic and 
comparing with Figure 5.2a, we can see that there is no correlating change in community 
type similar to the recorded changes in sediment province.  Community Groups B and C 
pass over the tongues of sandy material downstream of the dredge zone (this does not 
appear to be an artefact caused by data density). See Section 6 for full analysis of the 
community types and implications of these observations. 

Figure 5.3a: Series of Acoustic Doppler Current Profiles obtained with a 1200kHz RDI 
BroadBand system astern of the small 2300 tonne suction dredger City of Chichester whilst 
loading at anchor without screening.  Profiles show high intensity backscatter (red) close to 
and immediately astern of the dredger, reducing quickly to levels approaching background 
away from the dredger. 

Figure 5.3b: Backscatter profiles obtained downstream of the City of Chichester showing 
the persistence of the nearbed sediment plume to the end of the monitoring area. 

Figure 5.4a: Backscatter profiles obtained in 1995 on a similar aggregate dredging site 
located nearby have been reprocessed with newly developed software and reveal the 
presence of a well developed nearbed sediment plume extending well beyond the initial 
zones of impact. 

Figure 5.4b: The thickness of the nearbed plume can be gauged from this image of well-
developed nearbed sediment plume.  This extends well beyond the initial zones of impact. 
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Figure 5.4c:  Representation of the plume from the City of Rochester in 1995.  This can be 
compared with Figures 5.4a and 5.4b, which were produced using new image processing 
techniques.  The raw data has not been altered.  The near bed plume is not visible from 
these types of image, even at the near bed sections. 

Figure 5.4d: Reprocessed representation of the 1995 data collection for the Geopotes, a 
large Dutch dredger temporarily working in the UK for beach recharge purposes.  The near 
bed plume extends for some 5km to the end of the survey zone, although is much thinner.  
This may be due to the highly dense overspill formed by the Geopotes, which has a single 
central spillway discharging below the vessel. 

Figure  5.4e: Reprocessed representation of the 1995 data collection for the Geopotes, a 
large Dutch dredger temporarily working in the UK for beach recharge purposes.  The near 
bed plume extends for some 5km to the end of the survey zone, although is much thinner.  
This may be due to the highly dense overspill formed by the Geopotes, which has a single 
central spillway discharging below the vessel. 

Figure 5.4f:  Reprocessed representation of the 1995 data collection for the Rochester, a 
small English anchor dredger.  The near bed plume extends for some 3km to the end of the 
survey zone. Note the thickness of the plume in the near bed zone.  The width is 
approximately 700m at its maximum. 

Figure 5.4g:  Reprocessed representation of the 1995 data collection for the Rochester, a 
small English anchor dredger.  The near bed plume extends for some 3km to the end of the 
survey zone. Note the thickness of the plume in the near bed zone.  The width is 
approximately 700m at its maximum. 

Figure 5.4h: 2001 data collected at the Nab study site.  AVI video data has been prepared 
from these shots showing the generation and 3D representation. 

Figure 5.4i: 2001 data collected at the Nab study site.  AVI video data has been prepared 
from these shots showing the generation and 3D representation. 

Figure 6.1.3a. Group average sorting dendrogram showing the percentage similarity of the 
macrofauna at each of the stations sampled in the North Nab survey area. 

Figure 6.1.3b. Group average sorting dendrogram showing the percentage similarity of the 
macrofauna at a reduced number of sampling sites where the sandy deposits have been 
excluded.

Figure 6.1.3c. Two-dimensional multidimensional scaling (MDS) ordination for the 
macrofauna of the North Nab survey site from which the sandy deposits have been 
excluded. Colour codes as in Figure 6.1.3a 
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Figure 6.1.3d. Map of the survey area showing the distribution of the faunal groups 
identified by multivariate techniques in Figures 6.1.3b and 6.1.3c. The faunal group that 
characterises sandy deposits identified in Figure 6.1.3a (colour coded brown) and which was 
excluded from Figures 6.1.3b and 6.1.3c is also shown. Colour codes as in Figures 6.1.3b 
and 6.1.3c. Note that the intensively dredged area corresponds with a macrofauna that is 
dissimilar to that in the surrounding deposits. Poorly classified macrofaunal types also occur 
in reef deposits to the west of the survey area and to the south of the Nab Tower. 

Figure 6.1.3e. Detail of the survey area showing the distribution of faunal groups in the 
vicinity of the intensively-dredged part of North Nab Production Licence Area 122/3. The 
deposits that have been anchor-dredged support macrofaunal communities that are 
dissimilar to one another and to those in the surrounding deposits 

Figure 6.2.1a. Response surface diagram and corresponding spectral plot showing the 
number of individuals of macrofauna recorded per 0.2 m² Hamon grab sample at each of the 
stations sampled in the North Nab survey area. The position of the intensively dredged site 
is shown in the spectral plot. Note the reduced population density of macrofauna in the 
sands that occur in the northeast of the survey area. 

Figure 6.2.2a. Map of the North Nab survey area showing a grid thematic map for the 
number of species of macrofauna (<1mm) per 0.2sq.m.Hamon Grab. 

Figure 6.2.3a. Map of the North Nab survey area showing a grid thematic map for the 
biomass (AFDW/g) of macrofauna (>1mm) per 0.2 sq.m. Hamon Grab. 

Figure 6.2.3b. Map of the North Nab survey area showing a grid thematic map for the 
mollusc biomass (AFDW/g) of macrofauna (>1mm) per 0.2 sq.m. Hamon Grab. 

Figure 6.2.3c. Map of the North Nab survey area showing a grid thematic map for the 
miscellania biomass (AFDW/g) of macrofauna (>1mm) per 0.2 sq.m. Hamon Grab. 

Figure 6.2.4. Map of the North Nab survey area showing a grid thematic map for the body 
size (AFDW/g) of macrofauna (>1mm) per 0.2 sq.m. Hamon Grab. 

Figure 6.4a. Map of part of the dredge site showing the tracks of the dredger City of 
Chichester during loading of a cargo on 01.02.00 when samples of outwash were taken for 
analysis of particulate load and organic material discharged during loading operations.  See 
also Text Table 6.4. 

Figure 6.6.1a. Map of the North Nab survey area showing a grid thematic map for the 
number of slipper limpets per 0.2 sq.m. Hamon Grab. 

Figure 6.6.1b. Size-frequency histograms for shell length of Crepidula fornicata at Stations 
18, 35, 37 and 72.  Similar data for other stations at which Crepidula fornicata was recorded 
are summarised in Appendix Table 6. 

Figure 6.6.1c.  Graph showing the relationship between the ages of Crepidula fornicata
established from shell growth bands, and mean shell length (mm). See also Appendix Table 
7.
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Figure 6.7.2.  Map of the intensively – dredged area showing a grid thematic map for the 
number of individuals of macrofauna (>1mm) per 0.2 sq.m. Hamon Grab. 

Figure 6.7.3.  Map of the intensively dredged area showing a grid thematic map for the 
number of species of macrofauna (>1mm) per 0.2 sq.m. Hamon Grab. 

Figure 6.7.4a.  Map of the intensively-dredged area showing a grid thematic map for the 
biomass (AFDW/g) of macrofauna (>1mm) per 0.2 sq.m. Hamon Grab. 

Figure 6.7.4b.  Map of the intensively-dredged area showing a grid thematic map for the 
mollusc biomass (AFDW/g) per 0.2 sq.m. Hamon Grab. 

Figure 6.7.4c.  Map of the intensively-dredged area showing a grid thematic map for the 
miscellania biomass (AFDW/g) per 0.2 sq.m. Hamon Grab. 

Figure 6.7.5a.  Map of the intensively-dredged area showing a grid thematic map for the 
body size per 0.2 sq.m. Hamon Grab. 

Figure 6.7.5b.  Diagram showing the rate of recovery of species richness, abundance 
(number per m2), and biomass (g per m2) of benthic invertebrates following cessation 
population density and biomass recorded by Désprez (2000) in deposits off Dieppe, France, 
following cessation of dredging in 1994 

Figure 6.8. Generalised flow diagram showing the sequence of recolonisation and recovery 
in marine gravel deposits, based on the population density and species diversity in gravel 
deposits following known periods since the deposits were anchor-dredged. 

Figure 6.9a. Species discovery curves for the macrofauna in the three types of deposit 
recorded from the North Nab survey area in March 1999.  The species recorded from a 
series of samples have been plotted as a cumulative curve showing the additional taxa 
recorded in a series of samples that comprise each of the three types of sediment.  Arrows 
indicate the total species complement and the number of samples required to establish 80% 
of the species diversity. 

Figure 6.9b.  Dominance curves plotted for pooled samples from dredged and non dredged 
sites of Production Licence Area 122/3. 

Figure 6.9c.  Dominance curves plotted for pooled samples from within the anchor dredge 
site and within the trailer dredge part of Production Licence Area 122/3. 
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